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In this paper, the authors propose long-term projections of global nuclear power generation, uranium 
production, and uranium enrichment capacities by region, and estimate the trade flows of natural uranium 
and uranium enrichment activities in 2020 and 2035. In spite of the rapid nuclear power generation capacity 
growth expected especially in Asia, the natural uranium and uranium enrichment trade will not be tightened 
by 2020 due to the projected increase in both natural uranium production and uranium enrichment capaci- 
ties, which may cause a drop in natural uranium and uranium enrichment prices. Thus, there is a great pos- 
sibility that the current projects for capacity expansion will be delayed considerably. However, in the “‘high- 
demand scenario’’, where nuclear expansion will be accelerated due to growing concerns about global 
warming and energy security issues, additional investments in uranium production and enrichment facilities 
will be needed by 2035. In Asia, the self-sufficiency ratio for both natural uranium supply and uranium en- 
richment activities will remain relatively low until 2035. However, the Herfindahl-Hirschman (HH) index 
of natural uranium and uranium enrichment activity trade to Asia will be lowered considerably up to 2035, 
indicating that nuclear capacity expansion can contribute to enhancing energy security in Asia. 
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reprocessing, tail assay, outlook, trade balance, numerical analysis, self-sufficiency, energy 
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Table 1 Nuclear generating capacity outlook 


Unit: GW 
Low demand High demand 

2010 scenario scenario 
2020 2035 2020 2035 
North America 118.6 129.0 129.0 129.1 146.7 
USA 105.3 115.8 1158 114.7 130.4 
Canada 13.3 13.2 13.2 14.4 16.3 
Latin America 4.4 6.0 5.6 9.2 16.6 
Mexico 1.4 1.6 1.6 1.6 1.6 
Brazil 2.0 3.4 3.4 5.8 12.2 
Argentina 1.0 1.0 0.6 1.8 2.7 
Europe 141.3 1265 107.3 146.0 161.3 
UK 12.0 7.8 6.5 10.4 NG era 
Germany 21.5 8.6 0.0 12.7 12.7 
France 66.0 67.5 67.5 67.5 69.1 
Italy 0.0 0.0 0.0 3.2 6.4 
Turkey 0.0 0.0 0.0 2.6 5.2 
Sweden 9.4 10.0 8.9 10.0 11.3 
Spain 7.7 7.3 7.3 7.3 8.6 
Belgium 6.2 4.3 0.0 5.5 5.5 
Switzerland 3.4 1.2 0.0 3.4 1.9 
Finland 2.8 5.8 5.8 7.4 7.4 
Netherlands 0.5 0.0 0.0 0.5 3.1 
Slovakia 1.9 1.9 1.9 2.6 2.6 
Hungary 1.9 2.0 0.0 2.0 2.0 
Czech 3.9 4.0 4.0 4.0 5.1 
Burgaria 2.0 4.2 4.2 4.2 4.2 
Slovenia 0.7 0.7 0.0 0.7 1.8 
Romania 1.4 1.4 1.4 2.1 2.8 
Africa 1.9 1.9 1.9 1.9 5.8 
S. Africa 1.9 1.9 1.9 1.9 5.8 
FSU® 37.4 43.7 59.3 61.5 85.5 
Russia 23.2 26.2 39.5 42.5 57.7 
Ukraine 13.8 16.0 18.2 16.0 20.4 
Armenia 0.4 0.0 0.0 0.4 0.4 
Kazakhstan 0.0 0.0 0.0 1.1 4.4 
Lithuania 0.0 1.5 1.5 1.5 1:5 
Belarus 0.0 0.0 0.0 0.0 1.1 
Middle East 1.0 1.0 6.6 6.2 31.8 
Iran 1.0 1.0 1.0 2.3 4.9 
UAE 0.0 0.0 5.6 2.8 8.4 
Saudi Arabia 0.0 0.0 0.0 0.0 7.8 
Jordan 0.0 0.0 0.0 1.1 1.1 
Kuwait 0.0 0.0 0.0 0.0 4.4 
Qatar 0.0 0.0 0.0 0.0 2.6 
Oman 0.0 0.0 0.0 0.0 2.6 
Asia 85.4 139.0 190.1 179.2 347.2 
China 9.1 60.0 103.6 69.8 158.1 
Japan 48.8 31.3 10.3 42.4 31:5 
Taiwan 5.1 5.2 3.9 7.7 7.7 
S. Korea 17.7 24.0 34.0 32.0 48.0 
Indonesia 0.0 0.0 0.0 0.0 5.2 
Malaysia 0.0 0.0 0.0 0.0 5.2 
Philippines 0.0 0.0 0.0 0.0 5.2 
Thailand 0.0 0.0 0.0 0.0 5.2 
India 4.1 17.8 34.9 25.8 72.5 
Vietnam 0.0 0.0 2.6 0.0 5.2 
Pakistan 0.5 0.8 0.8 1.4 3.4 
World 390.1 447.1 499.8 533.0 794.8 


a) FSU: Former Soviet Union. 
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Fig. 1 Comparison with nuclear capacity projections by IEA 
and IAEA 
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Table 2. Uranium and uranium enrichment demand (Low demand scenario) 


_ Uranium demand Uranium enrichment demand 
Electricity Nuclear power 
generation generation ae (tU) (tSWU) 
(TWh) (TWh) 0.1% 0.3% 0.1% 0.3% 

2020 82035 2020 2035 2020 2035 2020 2035 2020 2035 2020 2035 2020 2035 
USA 4,673 5,261 867 912 19% 17% 15,109 15,886 21,326 22,423 21,127 22,214 12,421 13,060 
Canada 658 684 81 81 12% 12% 1,554 1,554 1,554 1,554 0) 0 0 0 
L. America 1,812 2,749 40 38 2%) =—«1% 703 657 992 927 982 918 578 540 
Europe 4,270 4,689 887 747 21% 16% 15,453 13,004 21,813 18,356 21,609 18,185 12,705 10,692 
FSU 1,675 1,863 276 375 17% 20% 4,816 6,533 6,798 9,221 6,735 9,135 3,960 5,371 
Middle East 1,140 1,589 7 46 1% 3% 122 806 172 1,137 171 1,127 100 662 
Africa 1,023 1,930 13 13° 1% «=1% 221 221 312 312 309 309 182 182 
Asia 10,096 13,836 1,174 1,627 12% 12% 20,447 28,341 28,861 40,004 28,592 39,631 16,810 23,300 
Oceania 392 514 0 0 0% 0% 0 0 0 0 0 0 0 0 
World 25,737 33,115 3,346 3,838 13% 12% 58,424 67,000 81,828 93,934 79,525 91,518 46,756 53,807 


Table 3. Uranium and uranium enrichment demand (High demand scenario) 


_ Uranium demand Uranium enrichment demand 
Electricity Nuclear power 
generation generation Na (tU) (tSWU) 
(TWh) (TWh) 0.19% 0.39% 0.19% 0.3% 

2020 2035 2020 2035 2020 2035 2020 2035 2020 2035 2020 2035 2020 82035 
USA 4,673 5,261 903 1,027 19% 20% 15,736 17,895 22,212 25,259 22,005 25,024 12,937 14,712 
Canada 658 684 88 100 13% 15% 1,687 1,910 1,687 1,910 0 0 0 0 
L. America 1,812 2,749 61 107 3% 4% 1,064 1,868 1,501 2,636 1,487 2,611 874 1,535 
Europe 4,270 4,689 1,028 1,139 24% 24% 17,903 19,885 25,271 27,997 25,035 27,736 14,719 16,307 
FSU 1,675 1,863 389 541 23% 29% 6,779 9,426 9,569 13,305 9,479 13,181 5,073 ~=-7,749 
Middle East 1,140 1,589 43 223 4% 14% 757 ~—- 33,882 1,068 5,480 1,058 5,428 622 3,192 
Africa 1,023 1,930 13 39 1%) =—2% 221 677 312 955 309 946 182 556 
Asia 10,096 13,836 1,562 2,846 15% 21% 27,211 49,568 38,408 69,966 38,050 69,313 22,371 40,752 
Oceania 392 514 0 0 0% 0% 0 0 0 0 0 0 0 0 
World 25,737 33,115 4,088 6,021 16% 18% 71,357 105,059 100,029 147,508 97,424 144,240 57,279 84,804 
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fas FET BROT RD RAY DY +» IDB BT O— ORS Sati L 
Table 4 Uranium production forecast (OECD® ) ROM D8 ese BAL ee AAC, Sere 
Daas 7S EDERDSAWEIC BUD FB & EVLA LES, ERO 
2020 2035 SKIL GE (4 202048 LAME OM LPAIEIC ko CHEN, 
2010 ie AT ‘ cae aa Be AEE IL HERE DL < (LIRA GS SAREE, LBAGH 
roduction (Production - ee ee spe 
case A) case B) So COC, RAV IY SRM BOMBRE LT, 2020 
Argentina 120 500 500 500 500 42#e CA-IDAUL <IRB-IICHE> CEHBEAIAL, & 
Australia 9,700 10,100 24,200 9,800 27,600 DR20354F ECHO IRE MER T 47 ARREL, & 
Brazil 340 2,000 2,000 2,000 2,000 NENYVSVEET-AABEUBELE, 25t, = 
Canada 16,430 17,730 19,000 17,730 19,000 BASE & IKAS 520354 OREEY TU TC, Bo 
China 940 1,200 1,200 1,200 ~=1,200 x stair ee 
Gack 500 50 50 20 20 tb), HHE7T-ACELT, BOLE Tne Oe 5 YAW 
India 295 980 1,200 1,000 2,000 BAIC KY, BIO PSS SICHHBAIKT ATA Hh 
Tran 20 100 100 100 100 ko & OPM Kilg lt A-II DS B-IL E COPA HIS 
Jordan 0 2,000 2,000 2,000 2,000 ZOEME PWELK. 
Kazakhstan 18,000 24,000 24,000 5,000 6,000 
Malawi 0 1,425 1,100 0 0 r 
Mongolia 0 150 1,000 150 1,000 3. 77 > ieteax iS BO Fa L ; 
Namibia 5,000 8,000 19,000 5,000 7,500 BAF TE RR Cs STP OW > nah lt Table 5 
Niger 4,000 9,500 10,500 +5000 5,000 DEBBY CHAI, YS VPM I DBO BHC EG 
Paen ee nd 15 tee you SNCS LAMAR CH, USECCK), Areva NC 
Romania 230 350 475 350 630 : 
U He hh 3 y At fa 4 
Russia «3,520 += 7,600~—Ss«(11,990-~—-«6,800_13,400 id) =: Trenco Oe snleies Ge OMCUELE GDF ORNEE 
S.Africa 4,860 4,860 6,320 4,860 6,320 EAE CHEF D AEB MTA HED 95.76 DE HD So 
Ukraine 960 810 5,500 170 5,500 AIO Paducah keii LBL USEC thai tS pele 
USA 2,900 3,800 6,600 3,100 5,600 id », FAY AD George Besse 2 a THB DH Wi AE 
Uzbekistan 2,300 3,000 3,750 3,500 3,500 Areva #:O 2 #t EURODIF #78 4 in cneres @ 
World 70,180 98,295 140,640 68,420 109,520 ), 19524635 KU19794E OD HE RAMA LOK, MOU SY 
AIC SY CHORES HO TE. CHOOT 
Table 5 World’s enrichment facilities 
: Capacity, 
Country Company Location Type tSWU/yr 
USA USEC Paducah Gaseous diffusion 11,300 
Piketon Centrifugation 3,800 
Urenco Eunice Centrifugation 3,800 
Areva NC Idaho falls Centrifugation 6,600 
GE Hitachi Nuclear Energy Wilmington Laser 6,000 
Europe Eurodif (Areva NC etc.) Georges Besse (Tricastin) Gaseous diffusion 10,800 
France Areva NC Georges Besse II (Tricastin) Centrifugation 7,900 
UK, Germany and Urenco Capenhurst (UK) Centrifugation 5,000 
Netherlands Almelo (Netherlands) Centrifugation 5,000 
Gronau (Germany) Centrifugation 4,200 
Japan JNFL Rokkasho Centrifugation 1,050 
Russia Atomenergoprom Angarsk Centrifugation 2,500 
Atomenergoprom Novouralsk Centrifugation 13,200 
Atomenergoprom Zelenogorsk Centrifugation 7,800 
Atomenergoprom Seversk Centrifugation 3,700 
China CNNC Lanzhou Centrifugation 500 
Hanzhong Centrifugation 500 
India Department of Atoic Energy Ratnahalli Centrifugation 25 
Tran Natanz Centrifugation n/a 
Natanz Centrifugation 
Qom Centrifugation 
Brazil INB Fabrica de Combustivel Nuclear Centrifugation 200 
Pakistan Kahuta Centrifugation 5 
North Korea Nyeongbyeon Centrifugation n/a 
ARF HAASAN (2012), Advance Publication by J-stage 
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Table 6 Enrichment capacity projection 
Unit: tSWU/yr 


2011 Enrichment Enrichment Enrichment 
case A case B case C 
Americas 5,400 20,400 20,400 26,400 
Europe 18,200 21,700 21,700 21,700 
FSU 18,000 18,000 27,200 35,472 
Asia 2,050 3,000 3,000 6,545 
Total 43,650 63,100 72,300 90,117 
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Fig. 3 Two cases for U30x and enrichment prices 
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Table 7 Uranium trade (2009) 
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(LAPTARY Ob, VIVE 


BBE DIL 7. RS, 


Unit: tU 
eon: To: USA Canada L. America Europe FSU Middle East Africa Asia Oceania Unknown World 
USA 1,921 1,921 
Canada 3,867 1,600 21 3,664 19 1,819 1,913 12,904 
L. America 330 330 
Europe 1,174 1,174 
FSU 3,789 62 8,480 8,856 131 = 12,013 5,466 38,796 
Middle East 0 
Africa 1,425 52 2,188 62 2,904 3,315 9,946 
Asia 1,274 1,274 
Oceania 522 47 2,048 61 3,924 2,900 9,503 
Unknown 51 10 883 13 2,496 101 3,554 
World 11,576 1,600 522 18,438 9,011 131 = 24,431 13,695 79,402 

Table 8 Enrichment trade (2009) 

Unit: tSWU 
Frain: To: USA Canada L. America Europe FSU Middle East Africa Asia Oceania Unknown World 
USA 7,063 909 4,536 1,219 13,727 
Canada 0 
L. America 236 236 
Europe 5,133 160 16,875 2,958 1,146 26,272 
FSU 5,500 2 4,213 5,540 94 1,078 4,899 21,326 
Middle East 0 
Africa 0 
Asia 955 955 
Oceania 0 
World 17,696 0 398 21,997 5,540 0 94 9,527 0 7,264 62,516 
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Table 9 Scenario setting 
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Scenario send capacity % 
Low demand 2020 Case A Case A 0.22 
2035 Case B Case B 0.27 
High demand 2020 Case B Case B 0.27 
2035 Case C Case C 0.27 
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Fig. 4 Uranium production and enrichment projections (Low demand scenario) 


Table 10 Uranium trade (Low demand scenario: 2020) 


Unit: tU 
From: To: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World 
USA 2,690 2,690 
Canada 5,855 1,554 3,752 1,389 12,549 
L. America 542 840 387 1,769 
Europe 283 283 
FSU 3,596 6,580 5,760 264 8,863 25,063 
Middle East 702 146 638 1,486 
Africa 4,590 4,916 7,328 16,835 
Asia 1,748 1,748 
Oceania 798 2,249 4,102 7,149 
World 18,070 1,554 840 18,483 5,760 146 264 24,455 0 69,573 
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Table 11 Enrichment trade (Low demand scenario: 2020) 


Unit: tSWU 
From: To: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World 
USA 9,700 819 7,353 17,872 
Canada 0 
L. America 177 177 
Europe 446 11,438 60 7,256 19,199 
FSU 5,132 67 2,913 4,728 60 217 2,809 15,925 
Middle East 0 
Africa 0 
Asia 2,654 2,654 
Oceania 0 
World 14,831 0 690 15,170 4,728 120 217 20,072 0 55,827 
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Table 12 Uranium trade (Low demand scenario: 2035) 

Unit: tU 
From: To: USA Canada _L. America Europe FSU Middle East Africa Asia Oceania World 
USA 3,703 3,703 
Canada 6,808 1,554 3,583 2,540 14,485 
L. America 465 874 661 2,000 
Europe 350 350 
FSU 3,890 6,473 8,695 0 294 11,303 30,655 
Middle East 606 1,072 2 1,680 
Africa 5,074 3,946 0 13,117 22,138 
Asia 2,233 2,233 
Oceania 1,202 2,351 0 7,866 11,419 
World 21,144 1,554 874 17,309 8,695 1,072 294 37,721 0 88,662 

Table 13. Enrichment trade (High demand scenario: 2035) 

Unit: tSWU 
ee To: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World 
USA 8,242 91 7,585 15,918 
Canada 0 
L. America 158 158 
Europe 363 8,411 349 7,977 17,100 
FSU 5,587 51 2,819 5,687 353 192 6,745 21,434 
Middle East 0 
Africa 0 
Asia 2,364 2,364 
Oceania 0 
World 13,829 0 572 11,321 5,687 701 192 24,672 0 56,974 
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Fig. 5 Uranium trade (Low demand scenario: 2035) 
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Fig. 6 Enrichment trade (Low demand scenario: 2035) 
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Fig. 7 Uranium production and enrichment projections (High demand scenario) 
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Table 14 Uranium trade (High demand scenario: 2020) 


Unit: tU 

Bre: To: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World 
USA 4,082 4,082 
Canada 6,450 1,687 4,670 1,850 14,657 
L. America 293 1,415 291 2,000 
Europe 367 367 
FSU 3,769 7,886 9,021 0 294 11,017 31,988 
Middle East 667 1,007 6 1,680 
Africa 4,984 6,480 0 12,454 23,918 
Asia 2,380 2,380 
Oceania 1,362 3,755 0 8,212 13,329 
World 20,941 1,687 1,415 23,824 9,021 1,007 294 36,210 0 94,400 

Table 15 Enrichment trade (High demand scenario: 2020) 

Unit: tSWU 

Prem: To: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World 
USA 8,276 468 8,205 16,948 
Canada 0 
L. America 168 168 
Europe 629 10,818 327 6,433 18,207 
FSU 5,426 129 4,302 5,902 332 192 6,537 22,821 
Middle East 0 
Africa 0 
Asia 2,517 2,517 
Oceania 0 
World 13,701 0 926 15,588 5,902 659 192 23,692 0 60,662 
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Table 16 Uranium trade (High demand scenario: 2035) 


Unit: tU 

Bre: To: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World 
USA 6,656 6,656 
Canada 6,859 1,910 5,314 2,073 16,156 
L. America 2,477 282 2,759 
Europe 344 344 
FSU 4,438 9,786 12,501 767 898 15,410 43,799 
Middle East 2,453 2,453 
Africa 4,533 6,419 999 26,160 38,110 
Asia 3,682 3,682 
Oceania 1,247 4,444 929 18,131 24,751 
World 23,733 1,910 2,477 26,306 12,501 5,148 898 65,738 0 138,710 

Table 17 Enrichment trade (High demand scenario: 2035) 

Unit: tSWU 

Fyrom: To: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World 
USA 9,271 485 16,444 26,200 
Canada 0 
L. America 200 200 
Europe 1,077 12,130 1,679 6,814 21,700 
FSU 6,363 355 4,713 8,235 1,713 591 13,502 35,472 
Middle East 0 
Africa 0 
Asia 6,545 6,545 
Oceania 0 
World 15,634 0 1,632 17,329 8,235 3,392 591 43,305 0 90,117 
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Table 18 Uranium transport to enrichment facilities (High demand scenario: 2035, optimized with freight) 


Unit: tU 
From: To: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World 
USA 6,656 6,656 
Canada 11,655 4,501 16,156 
L. America 2,450 308 2,759 
Europe 344 344 
FSU 4,043 1,536 = 38,220 43,799 
Middle East 2,453 2,453 
Africa 13,914 7,816 16,380 38,110 
Asia 3,682 3,682 
Oceania 1,609 16,751 6,391 24,751 
World 40,328 0 308 33,401 54,599 0 0 10,074 0 138,710 

Table 19 Enrichment trade (High demand scenario: 2035, optimized with freight) 

Unit: tSWU 
ee To: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World 
USA 13,100 17 13,083 26,200 
Canada 0 
L. America 200 200 
Europe 0 12,927 0 8,773 21,700 
FSU 2,534 1,432 4,384 8,235 3,392 591 14,904 35,472 
Middle East 0 
Africa 0 
Asia 6,545 6,545 
Oceania 0 
World 15,634 0 1,632 17,329 8,235 3,392 591 43,305 0 90,117 
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